Introduction
States was used to develop a dynamical aerosol model for urban/industrial aerosol [Remer et al., 1996; Remer and Kaufman, 1998 ]. The same technique was applied to the 1993 data of two Brazilian stations, and a preliminary model of smoke optical properties was constructed [Remer et al., 1996] . In this study we construct an optical model using the full 3 year data set that includes data from 13 stations. The additional data permit calculation of the uncertainties in the physical and optical parameters of the smoke model. The model is tested against similar data measured in Cuiab/t during the 1995 burning season that was purposely withheld from the original database in order to achieve an independent testbed. Sensitivities to various values of refractive index and single scattering albedo are explored. The variability of smoke properties in Brazil is analyzed in terms of smoke transport, and the use of precipitable water vapor as a tracer for different smoke properties is investigated.
Data
During the burning seasons of 1993-1995 a network of automatic Sun/sky scanning spectral radiometers was deployed in the Amazon Basin as part of the Aerosol Robotic Network (AERONET) global network and in conjunction with the SCAR-B experiment [Kaufman et al., this issue; Holben et al., 1996a] . Instruments were located at 13 semipermanent sites. Not every site was instrumented each year. The radiometers measure sky radiance in the Sun's almucantar once per hour in the morning and late afternoon, when the Sun's zenith angle is greater than 60 ø. This procedure provides at most six almucantar measurements per station per day. However, the almucantars are checked for symmetry of the sky radiance on either side of the Sun, and asymmetrical almucantars (difference > 10%) are discarded. Asymmetry occurs due to nonhomogeneous atmospheric conditions. Cloud conditions are discarded as well. Altogether, over 800 symmetrical almucantars were retrieved for the period of deployment and used to construct the model. In addition, 27 retrieved size distributions from the Cuiab/t station in 1995 were set aside to be used in the testing process.
The sky radiances from each symmetrical almucantar are inverted to achieve aerosol volume distribution [Nakajima et al., 1983 [Nakajima et al., , 1986 . Sensitivity tests of the inversion process show average errors in the 0.10-8/zm radius range of less than 10%, corresponding to uncertainties in calibration, stray light, assumptions of real and imaginery refractive index, and surface albedo ]. The inversion is most sensitive to errors in scattering angle, which result in overpredictions of coarse-mode volume of 40% . The inversion of volume in the radius range below 0.10/zm diverges from the true distribution because the inversion algorithm assumes that beyond the size limits of the inversion (0.07 and 9/zm) the particle volume is zero. This assumption affects the resulting volume distribution by artificially increasing volume at the size limits of the inversion in order to compensate for the arbitrary and unphysically low volume just beyond the limits. These problems are isolated to the radius ranges near the edges of the inversion range. We correct the [Nakajima et al., 1983 [Nakajima et al., , 1986 ] inversion at the small-particle end by assuming these particles can be represented by a single lognormal distribution and by conserving the optical properties of the original inversion IRemet et al., 1997; Remer and Kaufman, 1998 ]. Note that although the small-particle range has been corrected for the inversion's overprediction, the large-particle range has not. The same artifact that affects the small particles also affects the large particles, and so the exact size of the coarse mode's modal radius may be physically incorrect. The correction procedure has not been applied to the large-particle end due to possible contamination by stray light in the instrument and the relative insensitivity of the optical properties in the visible region to coarse-mode particles. The 800 volume size distributions were divided into cerrado stations and forest stations, then sorted and ordered according to increasing aerosol optical thickness at 670 nm. The cerrado and forest subsets were analyzed separately. Most of the data (---625 size distributions) were retrieved from the cerrado stations, and the remainder from forest stations. Each 10-60 size distributions were averaged to give the mean size distribution for a particular aerosol optical thickness . The curves are plotted in Figure 1 .
The smoke aerosol appears to be bimodal with an accumulation mode peaking at 0.12-0.16/zm and a coarse mode at roughly 3-10/zm. In contrast, a trimodal volume size distribution (r m = 0. Satellite estimates of the effect of aerosol on cloud properties [Kaufman and Fraser, 1997] are based on the assumption that the satellite-derived optical thickness is proportional to the number of potential cloud condensation neuclei (CCNs) (particles larger than a given activation radius). This proportionality can be reduced due to instability of the aerosol size distribution and the corresponding ratio between the aerosol volume and number of particles. Our data show that for smoke the increase in optical thickness is due to an increase of total volume and number of the accumulation mode aerosol, not due to a shift of aerosol size into a more optically effective range. It is thus expected that optical thickness will also be proportional to the number of effective CCNs. Q. Ji et al.
(Ground-based measurements of aerosol characteristics in biomass burning and industrial pollution episodes, submitted to Journal of Geophysical Research, 1997; hereinafter referred to as submitted paper) confirm the relationship between aerosol number and volume; they also show that the aerosol is hygroscopic at high humidities. These data imply that an effective CCN (ECCN) per unit optical thickness can be calculated based on the critical radius as defined by Table 1 
Optical Properties
The optical properties of the smoke aerosol are calculated using the Mie code of Dave and Gazdag [1970] . We assume the aerosol to be spherical, which is generally true for smoldering fires and less so for flaming fires [Martins et Table 1 are not significantly different from each other. There appears to be a very strong consistency in the smoke aerosol from region to region, from year to year, and for various amounts of smoke loading. Any of the models could be chosen to represent the smoke aerosol. In subsequent analyses done for this paper, we will employ the cerrado model because its optical properties fall midway among the different models. 
Testing the Model
The model is tested in two ways. First, the model was derived from volume size distributions that were retrieved from sky 
Prediction of Backscattered Sky

Prediction of Optical Properties at Cuiab•
The 1995 data from the Cuiabfi site were withheld from the original database used to construct the aerosol models of Table 0 
Variability of Smoke Aerosol in Brazil
The results from the modeling effort, above, suggest that all smoke is the same and all smoke can be predicted (within the calculated errors) from a model based on mean properties of a smoke database. Other studies suggest otherwise. In situ samples and scanning electron microscope analysis from smoke plumes show that characteristics of smoke particles are very dependent on flaming/smoldering ratios of the fire or from the type of fuel burned [Martins et al., 1996, Shown are the number of days falling into each category, the mean aerosol optical thickness at 670 nm (q-), wavelength exponent (0/870/440), and precipitable water vapor (P,) in each category observed at
Cuiabfi on the day of the start time of the back trajectory. Table 3. separated into seven categories, depending on origin sector and height and degree of stagnation. Figure 10 shows an example from each of the categories.
The mean values of optical thickness r, two-wavelength angstrom coefficient (ff87()/44()) and precipitable water vapor P,• measured by the AERONET radiometer at Cuiabfi during the study period are shown in Table 3 
which is different from the angstrom coefficient defined in section 4. Using a one-way classification analysis of variance and an F-test to test the statistical significance, we find that none of the categories is statistically the same in all the variables. This supports the original division of the trajectories into categories. The relationship between these variables is depicted in Figure 11 . In Cuiab•_, large optical thicknesses are associated with larger amounts of water vapor in the column. Likewise, high P,, are associated with less spectral dependence or larger particles. One explanation for these relationships is that very heavy smoke is not locally produced in Cuiab•_ but is transported from deforestation zones on the rain forest fringe. Thus high optical thicknesses are associated with transport of higher humidity air located in the rain forest. Also, smoke particles transported from forest burning are larger, corresponding to the bigger particles found in the forest model of The relationship between optical thickness and spectral dependence or particle size is less certain. Particle size variability can also be investigated by examining retrieved size distributions. During the analysis period, 22 almucantar inversions were recorded. These were organized by trajectory category and averaged, so that we have a mean volume size distribution representative of the category. The results are shown in Figure  12 . Plotted are the retrievals of the Nakajima inversion with the correction for small particles. Lognormal parameters of the accumulation mode are given in Table 4 . The coarse mode is extremely variable and optically unimportant at visible wavelengths and will be ignored. The accumulation mode shows a degree of variability unexpected from previous work in creating the smoke aerosol model.
Precipitable Water Vapor as Air Mass Tracer
The analysis of back trajectories at Cuiab•_ shows that some of the variability in the data may be indicative of different air masses over Brazil. Originally, we had divided the database into cerrado and forest stations in order to expose regional variations in smoke, but we found little evidence that the (Figure 11 ). In Figure 13 we see this generalization applies to all the cerrado sites. Despite the suggestion that smoky air masses could be parameterized by precipitable water vapor, precipitable water vapor actually provides no advantage over optical thickness. Pw increases, in general, aerosol volume also increases. From the analysis with the 1995 Cuiabfi data, we expected to find a shift in accumulation mode size from small particles at low values of Pw to larger particles at high values of P•. This is not evident in the full database. In fact, there is a suggestion that the opposite may be true. Accumulation mode particle size is largest for very low values of P•. This can be seen more clearly in Figure 15 . However, the striking information of Figure 15 is not the variation in particle size at low P• but how consistent smoke aerosol particle size can be over most of the range of P•. Because of this consistency, there is no reason to prefer precipitable water vapor as the parameterization of smoke properties. Aerosol optical thickness remains the variable of choice due to its direct relationship to aerosol volume.
Conclusions
The smoke aerosol model presented here is based on a 
